Abstruct -The biennial review of atomic weight, A,(E), determinations and other cognate data has resulted in changes for the standard atomic weight of titanium from 47.88f0.03 to 47.867i-0.001, of iron from 55.847f0.003 to 55.845f0.002, of antimony from 121.757+0.003 to 121.760f0.001, and of iridium from 192.22f 0.03 to 192.217+0.003. Recent investigations on chlorine and bromine confirmed the presently accepted values of A,(Cl) and A,(Br). To emphasize the fact that the atomic weight of lithium commonly available in laboratory reagents can vary significantly, the value of lithium, A,(Li), was enclosed in brackets and a footnote was added. As a result of several changes, the Table of Standard Atomic Weights Abridged to Five Significant Figures has been updated. Because relative isotoperatio data for stable hydrogen, carbon, and oxygen are commonly being expressed on non-corresponding scales, the Commission recommends that such isotopic data be expressed only relative to the references VSMOW and VPDB. Because many elements have a different isotopic composition in some non-terrestrial materials, recent data on non-terrestrial materials are included in this report for the information of the interested scientific community.
INTRODUCTION
The Commission on Atomic Weights and Isotopic Abundances met under the chairmanship of Professor K. G. Heumann from 6*-8* August 1993, during the 37* IUPAC General Assembly in Lisbon, Portugal. The Commission decided to publish the report "Atomic Weights of the Elements 1993" as presented here.
The Commission has reviewed the literature over the previous two years since the last report (ref. 1) and evaluated the published data on atomic weights and isotopic compositions on an element-by-element basis. The atomic weight of an element (Tables 1 and 2 ) can be determined from a knowledge of the isotopic abundances and corresponding atomic masses of the nuclides of that element. The latest compilation of the isotopic abundances and atomic masses with all relevant data was published in 1991 (ref. 2) and 1985 (ref. 3), respectively. The Commission periodically reviews the history of the atomic weight of each element emphasizing the relevant published scientific evidence on which decisions have been made (ref. 4).
COMMENTS ON SOME ATOMIC WEIGHTS AND ANNOTATIONS

Titanium
The Commission has changed the recommended value for the standard atomic weight of titanium to A,(Ti) = 47.867( 1) based on the calibrated positive thermal ionization mass-spectrometric determination by Shima and Torigoye (ref. 5) . The previous value, A,(Ti) = 47.88(3), was based on recalculation of the chemical (refs. 6 & 7) and the available mass-spectrometric determinations (refs. 8, 9, 10, 11, 12, & 13) , but was weighted towards the calibrated mass-spectrometric measurements of Belsheim (ref. 13) . Although highly precise mass-spectrometric determinations by Heydegger et ul. 1894, 48; 1896, 48.15; 1903, 48.1; 1927, 47.90; 1969, 47.90(3); and 1979, 47.88(3) .
It should be noted that the two calibrated measurements by Shima and Torigoye (ref. 5) and Belsheim (ref. 13) show excellent agreement. Titanium is an abundant, widely distributed element, yet the previous value of A,(Ti) carried the relative uncertainty of 6.3 X This uncertainty was the result of instrumental difficulties with titanium and not because of natural isotopic variability. Hogg (ref. 11) and Belsheim (ref. 13 ) searched for, but found no measurable variability in the isotopic composition of terrestrial titanium. Furthermore, recent investigations have not detected any variations in isotopic abundance in meteorites (refs. 14, 15, 16, 17, 18, & 19) .
Iron
The Commission has changed the recommended value for the standard atomic weight of iron to A,(Fe) = 55.845(2) based on recent calibrated positive thermal ionization mass-spectrometric measurements carried out on a metallic iron sample of high purity by Taylor et al. (ref. 20) . The magnitude of the uncertainty on this value is mainly due to the variations of iron isotopic composition found by 1894, 56.04; 1896, 56.02; 1900, 56.0; 1901, 55.9; 1909, 55.85; 1912, 55.84; 1940, 55.85; and 1961, 55.847(3) .
Antimony
The Commission has changed the recommended value for the standard atomic weight of antimony to A,(Sb) = 121.760( I), based on the calibrated positive thermal ionization mass-spectrometric determination by Chang et al. (ref. 23 1894, 120.23; 1896, 120.43; 1900, 120.4; 1924, 120.2; 1925, 121.77; 1961, 121.75; 1969, 121.75(3); and 1989, 121.757(3) .
A survey of five stibnite minerals and five laboratory reagents was also carried out by Chang et al. (ref. 23) . No evidence of isotopic fractionation for any of the terrestrial materials was found.
Iridium
The Commission has changed the recommended value for the standard atomic weight of iridium to A,(Ir) = 192.217(3) based on recent high precision measurements using both positive and negative thermal ionization mass spectrometry. The previous value, A,(Ir) = 192.22(3), was based on two massspectrometric determinations by Sampson and Bleakney (ref. 27) and Baldock (ref. 28) . A more recent A,(Ir) value reported by Creaser et al. (ref. 29) was not considered by the Commission due to the fact that only a single measurement was made. Recent work by Walczyk and Heumann (ref. 30) and Chang and Xiao (ref. 31) were evaluated by the Commission. The work of Walczyk and Heumann was chosen by the Commission as the best measurement due to its better precision; however, both measurements are in agreement with their stated uncertainties. The new value represents a Significant improvement in the precision of the atomic weight and is in agreement with the previous measurements. 1894, 193.1; 1896, 193.12; 1900, 193.1; 1903, 193.0; 1909, 193.1; 1953, 192.2; 1969, 192.22(3) . The atomic weights of many elements are not invariant but depend on the origin and treatment of the material. The standard values of A,(E) and the uncertainties (in parentheses, following the last significant figure to which they are attributed) apply to elements of natural terrestrial origin. The footnotes to this Table elaborate the types of variation which may occur for individual elements and which may be larger than the listed uncertainties of values of A,(E). 20  98  6  58  17  24  27  29  96  66  99  68  63  100  9  87  64  31  32  79  72  2  67  1  49  53  77  26  36  57  103  82  3  71  12  25  101  80  42  60  10  93  28 ( 1) Unnilennium" Une *Element has no stable nuclides. One or more well-known isotopes are given in Table 3 with the appropriate relative atomic mass and half-life. However, three such elements (Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these an atomic weight is tabulated.
Alphabetical order in English
+Commercially available Li materials have atomic weights that range between 6.94 and 6.99; if a more accurate value is required, it must be determined for the specific material. g geological specimens are known in which the element has an isotopic Fomposition outside the limits for normal material. The difference between the atomic weight of the element in such specimens and that given in the Table may exceed the stated uncertainty.
modified isotopic compositions may be found in commercially available material because it has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the 
Lithium
The Commission has noted with concern the commercial dissemination of significant quantities of laboratory reagents that have been artificially depleted in 6Li, resulting in labels on containers of reagents with incorrect atomic-weight values, which actually may range from 6.94 to 6.99. To make chemists aware of this problem, the Commission has enclosed q(Li) in brackets in Tables 1 and 2 . To emphasize that 6Li depleted materials are commonly available (especially in the U.S. and Europe), the listed value is therefore marked with a dagger, and the footnote for the dagger reads:
Commercially available Li materials have atomic weights that range between 6.94 and 6.99; if a more accurate value is required, it must be determined for the specific material.
An article discussing the variation in A,(Li) will be prepared during 1994.
THE TABLE OF STANDARD ATOMIC WEIGHTS 1993
Following past practice, the Table of Standard Atomic Weights 1993 is presented both in alphabetical order by names in English of the elements (Table 1 ) and in the order of atomic numbers ( Table 2 ).
The Commission wishes to emphasize the need for new precise calibrated isotopic composition measurements in order to improve the accuracy of the atomic weights of a number of elements which are still not known to a satisfactory level of accuracy. The ending "ium" is then added to these three roots. The three-letter symbols are derived from the first letter of the corresponding roots.
RELATIVE ATOMIC MASSES AND HALF-LIVES OF SELECTED RADIONUCLIDES
The Commission on Atomic Weights and Isotopic Abundances as in previous years publishes a table of relative atomic masses and half-lives of selected radionuclides for elements without a stable nuclide (see Table 3 ). Since the Commission has no prime responsibility for the dissemination of such values, it has not attempted either to record the best precision possible or to make its tabulation comprehensive. There is no general agreement on which of the isotopes of the radioactive elements is, or is likely to be judged, "important. " Various criteria such as "longest half-life", "production in quantity", "used commercially", etc., have been applied in the Commission's choice. The relative atomic masses are derived from the atomic masses (in u) recommended by Audi and Wapstra (ref. 3). The half-lives listed are those provided by Holden (refs. 33, 34, 35 & 36) . 
S I G m C A N T FIGURES
Introduction
The detail and the number of significant figures in the IUPAC Table to the five-figure value closest to the unabridged best value. When the sixth digit of the unabridged value is 5 exactly, it is rounded up or down to make the fifth digit in this abridged Table even . The single-digit uncertainty in the tabulated atomic weight is held to be symmetric-that is, it is applicable with either a positive or a negative sign.
The abridged Table (Table 4) is here given with the reasonable hope that not even one of the quoted values will need to be changed because of every biennial revision of the unabridged Table, although the quoted uncertainties may have altered. Moreover, any change in an abridged value will probably be by only one unit in the last significant figure or by adding a fifth significant figure where only four can be given now. Such constancy in these values is desirable for textbooks and numerical tables derived from atomic-weight data. However, it should be remembered that the best atomic-weight values of 27 elements are still uncertain by more than one unit in the fifth significant figure. The annotated warnings of anomalous geological occurrences, isotopically altered materials, and variability of radioactive elements are relevant even in the abridged Table. The footnote concerning lithium is particularly important. Atomic weights, scaled to the relative atomic mass, A,('*C) = 12, are here quoted to five significant figures unless the dependable accuracy is more limited by either the combined uncertainties of the best published atomic-weight determinations, or by the variability of isotopic composition in normal terrestrial occurrences (the latter applies to elements annotated r). The last significant figure of each tabulated value is considered reliable to f. 1 except when a larger single-digit uncertainty is inserted in parentheses following the atomic weight. Neither the highest nor the lowest actual atomic weight of any normal sample is thought likely to differ from the tabulated value by more than the assigned uncertainty. However, the tabulated values do not apply either to samples of highly exceptional isotopic composition arising from most unusual geological occurrences (for elements annotated g) or to those whose isotopic composition has been artificially altered. Such might even be found in commerce without disclosure of that modification (for elements annotated m). Elements annotated by an asterisk (*) have no stable isotope and are generally represented in this 
REPORTING RELATIVE ABUNDANCE DATA FOR STABLE HYDROGEN, CARBON, AND OXYGEN ISOTOPES
It has come to the attention of the Commission that relative isotopic ratio data for hydrogen, carbon, and oxygen are commonly expressed by different authors on non-corresponding scales. To eliminate possible confusion in the reporting of such isotopic abundances, the Commission recommends that: 
NON-TERRESTRIAL DATA
The isotopic abundance of elements from non-terrestrial sources form a rapidly expanding body of knowledge. Information about non-terrestrial isotopic abundances can be obtained from massspectrometric studies of meteoritic, lunar or interplanetary dust materials, from space probes using mass and far-infrared to ultraviolet spectra, from ground-based astronomical photoelectric and radio observations.
It has been established that many elements can have a different isotopic composition in non-terrestrial materials from that in normal terrestrial matter. These effects have been substantiated by recent precise mass-spectrometric measurements of meteorites, lunar material, and interplanetary dust. Recently, very large variations in isotopic abundance have been reported for a wide range of elements in meteoritic materials. An example of this has been found during grain by grain isotopic analyses of the minute components of primordial meteorites, such as the Sic in the Murchison carbonaceous chondrite which shows very large variations (up to 3 orders of magnitude greater than terrestrial variation) in the carbon Thus, these Sic grains are expected to have been produced from different stars and during various stages of nucleosynthesis.
and nitrogen isotopic abundances (see Fig. 1 and ref. 38) . These large variations cannot be explained by any known process for terrestrial materials but agree with isotopic variations predicted by nucleosynthetic models. Clearly, the Sic from Murchison has several different nucleosynthetic origins and predates the formation of our solar system. This example shows that the early solar system was not completely homogenized with respect to the isotopic composition of the elements and that extra-solar materials still reside in our solar system. Excellent reviews describing isotopic anomalies in non-terrestrial materials are given by Clayton (ref. 39 (refs. 45 & 46) . Those interested in more comprehensive reviews, including specific data and additional references, should refer to Shima (refs. 47 & 48) and Shima and Ebihara (ref. 49) .
It is important to realize that, although most of the reported isotopic anomalies are small, some variations are quite large. For this reason, scientists dealing with the chemical analysis of nonterrestrial samples should exercise caution when the isotopic composition or the atomic weight of a non-terrestrial sample is required. The data have been classified according to major alteration or production processes, or according to sources of materials with different isotopic composition of the element. This is described in more detail in the following: 
Mass Fractionation
Mass dependent fractionation which occurs before the formation as well as in later stages of the history of the solar system.
Fractionation by Volatilization or Condensation.
Fractionation by Chemical Processes: This includes some specific cases, such as the production of organic compounds.
Nuclear Reactions
Spallation Reactions: Nuclear reactions of non-terrestrial matter with energetic particles of galactic and (or) solar origin.
Low Energy Neutron Capture Reactions: spallation cascades, slowed down to lower energies in large meteorites or the moon.
Resulting from neutrons produced by
Radioactive Decay Products
Products from Extinct Nuclides: When the solar system had evolved to the point where components of meteorites became closed isotopic systems (some 4.5 Ga ago), radioactive nuclides with suitable decay constants-now extinct in the solar 'system-were still present. Their subsequent decay products are responsible for anomalous isotopic compositions of certain elements.
Enrichments in decay products of radionuclides still present in the solar system. They are commonly used in geochronological and cosmochronological dating methods.
Enrichments due to double 0-decay of long-lived radioactive nuclides.
Enrichments as the result of nuclear fission.
Nucleosynthesis
Measurements of isotopic abundances which were identified by authors as products of specific nucleosynthetic processes. Sun: Isotopic ratios of He and Ni were measured by ground-based infrared or nearinfrared spectrometry in the solar photosphere.
Cosmic Rays Data included in this category are the result of measurements in the near-Earth environment by balloon or spacecraft experiments.
Relatively Low-Energy Cosmic Rays (> 20 MeVh to 1 GeV/n; where n = nucleon):
The recent developments of high resolution detectors make it possible to measure the relative isotopic abundance of several elements.
High-Energy Cosmic Rays ( > 6 GeVh): Despite experimental difficulties 3He/4He ratios have been determined.
Planets and Satellites
Isotopic ratios of some elements in planets and in Saturn's moon, Titan, were determined by spacecraft-borne mass spectrometry and ground-based infrared spectrometry.
Cool stars
The number of known isotopic ratios of H, Li, C, 0, and Mg in cool giant stars has recently grown remarkably. Most of them have been obtained from infrared spectra taken with ground-based telescopes.
Interstellar Medium
Isotopic ratios of H, He, Li, C, N, and 0 have been detected by large ground-based radio telescopes and by satellite-borne ultraviolet or far-infrared spectrometry.
Comet Halley D/H and 180/160 ratios in the coma of the comet Halley were measured on March 14, 1986 by the neutral gas mass spectrometer of the Giotto spacecraft. The isotopic ratios of C and N of cometary material are determined by CN rotational lines of ultraviolet spectra.
Although this Commission does not attempt to systematically review the literature on the isotopic composition of non-terrestrial materials, some examples of isotopic variations have been given in past reports. In order to provide a more comprehensive view of recent research on the isotopic variations found in these materials, we have chosen in this report to present some of these data in Tables 5 and 6 . Table 5 lists experimental results for a selection of the largest reported variations. This information has been classified in terms of the major process involved which produces the difference in isotopic composition from the normal terrestrial isotopic composition. Thus, for example, the table lists the largest deviation reported for 53Cr caused by decay of the now extinct nuclide 53Mn @recess C-1). Each individual process is listed only once. These data are measured values reported in publications and do not represent extrapolated individual compositions of specific processes. Where an isotopic ratio or an atomic weight is given, the terrestrial value (truncated where necessary to an appropriate number of significant figures) is given for comparison in parenthesis. At its Brookhaven meeting the Workiiig Party on Natural Isotopic Fractionation discussed the various spellings of the symbol %O (parts per thousand) used to express stable-isotope-ratio data. It was concluded that (i) it would be too difficult to advocate a uniform spelling for "per mil" (also per mill, per mille, permil, etc.), and (ii) alternative units should not be considered. These conclusions were reaffirmed in Sintra and at the Commission's meeting in Lisbon. It might be appropriate for CAWIA to seek guidance from the International Organization of Standardization.
The Working Party on Natural Isotopic Fractionation has noted that the uncertainties in the values of isotopic reference materials distributed by the International Atomic Energy Agency (Vienna, Austria) and the National Institute of Standards and Technology (Gaithersburg, Maryland, USA) might be improved by a detailed assessment. Thus, it was resolved that the Working Party will become involved in the evaluation of isotopic reference materials and will prepare a "Review of Isotope-Reference Materials" for IUPAC with updates every two years or as appropriate.
In 1989 it was recognized by the Commission that apart from those elements for which there is a "calibrated measurement" or which have an atomic number less than 19, uncertainties calculated using the current guidelines often significantly underestimate what is considered by the Commission to be appropriate. Therefore it seemed desirable to incorporate into these guidelines some of the other factors the Commission routinely incorporated into these calculations. Also most published data which the Subcommittee for Isotopic Abundance Measurements evaluates are now in the form of isotopic abundance ratios rather than isotopic abundances. Therefore, to meet these concerns, the Commission established the Working Party on Statistical Evaluation of Isotopic Abundances to (i) modify guidelines to take into account isotope fractionation, and (ii) develop computational procedures and computer software for computing atomic weights and uncertainties in a completely orthodox manner from either isotopic ratios or isotopic abundances, including the calculation of variance. The Working Party completed its tasks and recommended that (i) the new guidelines, as well as the new computational procedures, be used for the preparation of the "1995 
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